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The hypothesis of structural change in U.S. meat demand is tested in a four-meat almost ideal demand system with parameters following a gradual switching regression model. The results support the notion that structural change partly explains the observed U.S. meat consumption patterns. Structural change is biased against beef, neutral for pork, in favor of chicken and fish, and it does not affect estimated elasticities. The estimated path of structural change implies a rapid transition to a new regime in the mid-1970s, although a smooth path cannot be ruled out.
Ke? n3ord.r: demand systems, meat demand, structural change, switching regressions Consumption patterns for meat products have changed considerably over the last few decades. This development is illustrated in figure  1 , which shows quarterly per capita meat consumption levels (pounds of retail weight for beef, pork, and chicken, and expenditure in 1987 dollars for fish and seafood). The most striking feature is the steady increase in chicken consumption, which has doubled in the last twenty years. Moreover, beef consumption declined sharply in the second half of the 1970s. The significant gain in poultry productivity, and resulting lower real retail prices for poultry, can partly account for this phenomenon. Other explanations postulate a change in the structure of meat demand because of changes in income distribution, demographic variables, demand for convenience foods, and, above all, an evolution in consumers' preferences driven by a growing awareness of the health hazard of large intakes of cholesterol and other saturated fats.
Considerable research has analyzed the hypothesis of structural change in meat demand, including Braschler, Chalfant and Chavas, Dahlgran, Eales and Unnevehr, Moschini and Meilke, Nyankori and Miller, Thurman, and Wohlgenant. The evidence from these studies is mixed, not surprisingly, given the variety of methods and data employed. In particular, determining whether consumers' preferences have changed has proved an elusive task. Because important features of the model generating the data are not known (e.g., the shape of utility functions) or are deliberately simplified for empirical tractability (e.g., by aggregating across commodities andlor across consumers), evidence of structural change may reflect model misspecification of some kind.
While these methodological problems possibly confine the analysis of structural change to the properties of an estimated model, the issue maintains its empirical relevance. Evidence of structural change is of considerable interest for the red meat industry because it implies a less favorable climate warranting adjustments in both production and marketing strategies. Econometric modeling for forecasting and policy analysis is also affected because changes in the data-generating process have direct bearings on model specification and estimation. Finally, as the issue hits the popular press, other implications seem to emerge. As Smith notes, "Cowboys, not chicken farmers, tamed the West." How will the United States adjust as it shifts from a nation of red meat-eating "cowboys" to a nation of white meateating "yuppies" ?
The objective of this paper is to provide I~'~1~~' ,~~'~~~'~~"~~"~" ' l~ 6 7 6 8 6 9 7 0 7 1 7 2 7 3 7 4 7 5 7 6 7 7 7 8 7 9 8 0 e l further evidence of the existence and nature of structural change in meat demand. As in Christensen and Manser, attention is restricted to the demand for four meats (beef and veal, pork, chicken, and fish) by assuming weak separability between these products and all other goods. The analysis is carried out within a model satisfying acceptable definitions of flexibility and the restrictions of utility maximization. Quarterly data over the period 1967-1 to 1987-IV are used. The focus of the analysis is to test for structural change in a model that can provide information on the time path of this change and to investigate the bias of structural change on consumption patterns and estimated elasticities.
Model Specification
The combined development of duality theory and flexible functional forms allows a number of system approaches to modeling consumer behavior (Deaton; Johnson, Hassan, and Green) . In this paper we employ the linear version of the almost ideal demand system (AIDS) derived by Deaton and Muellbauer.
This model provides a first-order approximation to an arbitrary demand system and satisfies perfect aggregation conditions over consumers. In addition, the linearity of the AIDS model is an attractive feature for the econometric analysis of structural change. The stochastic version of the system of share equations generated by the AIDS model can be written as where (i,j ) = 1, . . . , 4 index the goods, r = 1, . . . , T indexes time, p -I n(P) with P denoting nominal prices, the ith good share satisfies wi = (PiQi/X) with Qi being the quantity demanded and X total expenditures on the four goods, x -ln(X/P*) with P" being a price index which is approximated by the Stone geometric index [In(P*) = Ciwip,J,k indexes three seasonal dummies denoted by D, and r is an error term.
The theoretical properties of homogeneity in prices and income, and symmetry of the cross effects of demand functions, imply the following parametric restrictions on (1): where (2.1)follows from the zero homogeneity of the share equations, (2.2) is the adding-up condition, and (2.3) is the Slutsky symmetry condition.
Under the hypothesis of no structural change and assuming that the AIDS model provides a satisfactory approximation of the true demand system, the set of parameters { a , p } in equation (1) gives a full representation of the underlying utility maximization process. Structural change can be characterized by allowing this set of parameters to change over time. Given the cross-equation restrictions in (2),structural change likely will affect all equations simultaneously, so that a common time path for all parameters can be assumed. If this path is denoted h,, equation (1) can be reparameterized as with the properties of homogeneity, adding up, and symmetry requiring the following additional parametric restrictions:
Within this framework, a test for parameter constancy (that is, y = 0 and 6 = 0 )is a test for the hypothesis of no structural change. If the time path h, is approximated by a vector whose elements are 0 for the first half of the sample and 1 for the latter half, one obtains the Chow test for structural change. If the unknown path is approximated by the linear path r/T, one obtains the test studied by Farley and Hinich. To shed some light on the actual shape of this path, we follow Ohtani and Katayama and postulate that the structural change path can be approximated by
Because the adding-up conditions (2.2) will be satisfied by definition by the estimating model, the symmetry constraints (2.3) will always imply the remaining homogeneity restrictions (2.1).
Structural Change in Meat Demand
Equations (5) imply that (3) becomes a gradual switching regression model, where 7 , represents the end point of the first regime and T , is the starting point of the second regime and where the transition path between the two regimes is linear. If = r1 + 1, the change in the coefficient vector is abrupt, whereas 7 , = 0 and 7 2 = T produce the Farley-Hinich parameter path.2 To identify the structural change path, T , and T , are viewed as parameters and are estimated jointly with the other parameters of the system.
Finally, the set of equations (3)is expressed in first difference form for estimation purposes. The use of differencing allows a very parsimonious representation, in the spirit of Hendry and Mizon, of the dynamic behavior typical of frequent time-series data. Thus, the estimated model is with the parameter path h, given by equations (5). , Under the assumption that the error terms ui,in (6)are multinormally distributed but contemporaneously correlated with
maximum likelihood estimation can be performed for any given parameter path ht. Given that h, in (6) has discontinuous derivatives with respect to T , and T2,estimates of these two parameters are obtained by searching the likelihood function over the range of interest of ( T , , T,) . Because of the adding-up condition &Awi = 0, one of the equations in (6)is omitted at the estimation stage. Under the above stochastic assumptions, the maximum likelihood estimator is consistent, asymptotically
The approach of this paper has much in common with the gradual switching regressions model of Tsummi, also applied to structural change in meat demand by Dahlgran. The main difference lies in the choice of the transition function for the path of structural change and in the fact that we allow structural change to affect all parameters simultaneously. I normal, and asymptotically efficient and is independent of which equation is deleted (Barten).
Data
The data are quarterly disappearances and retail prices. For beef and pork, quantities are per capita disappearance in retail weight as published by the U.S. Department of Agriculture (USDA) in Livestock llnd Mellt Situation (LMS) and in Livestock llnd Poultty Sit~4ation (LPS). The quantity of chicken is the total of young and mature chicken per capita disappearance as published by USDA in Poulty atzd Eggs Situation (PES) and in LFS. Personal consumption expenditure for fish and seafood on a quarterly basis was obtained from unpublished U.S. Department of Commerce (USDC) data; these data are expressed on per capita terms using estimates of U.S. population published in the Survey of Current Business (USDC). Retail prices for beef (choice) and pork as published in LMS and LPS, the retail price of frying chicken published in PES and LPS, and the CPI for fish and seafood from USDC are used. Prices and real income were divided by their sample mean before the logarithmic transformation, and the seasonal dummy variables are specified for the first three quarters.
Results
The first-difference AIDS model in (6) was estimated using the iterative seemingly unrelated regressions procedure available in SHAZAM 6.0, which converges to the maximum likelihood estimator. The model has three equations (the fish equation is omitted), and with the restrictions in (2) and (4) imposed, has forty-one free parameters. These parameters are estimated with 252 effective observations (3 equations and 84 quarters). To estimate the parameters of the structural change path, the system of equations was estimated for all the combinations of T , from 1967(1) to 1983(4) and T, from 1971(1) to 1987(4) (for T, < T,), This set of combinations ensures that all the parameters of the system are estimable and requires estimating the system of equations a total of 3,246 times.
The estimated coefficients for the threeequation system, conditional on the optimal (i,, i,), are reported in The values of the parameters defining the path of structural change that maximize the set of likelihood functions are i, = 1975-IV and i, = 1976-111. These results suggest a rather abrupt change of regimes in the middle of the observation period, with the second regime starting at the peak of beef c o n s~m p t i o n .~ To investigate the significance of the structural change, table 2 reports likelihood ratio tests for the hypothesis of constancy of the parameter vector over time. The hypothesis of no structural change in the full set of parameters is rejected at the 0.05 significance level. Thus, a constant set of parameters cannot be postulated to rationalize consumer behavior within the assumed model, which suggests some degree of structural change over the period considered. To gain some insight into the nature of this change, the parameters are grouped into three distinct subsets. From table 2 it is apparent that the intercepts of the share equations and the seasonal components of these intercepts are subject to change, whereas the hypothesis of constant price and income parameters cannot be rejected.
Inference on the parameters defining the path of structural change is best done by considering restrictions on (T,, T,). An interesting benchmark is given by the Farley-Hinich path t / T . This smooth structural change path is perhaps more consistent with changes in consumer preferences. which likely requires a ' The R Z and D-W statistics are obtained from a regression of the observed shares on the estimated ones.
Per capita beef consumption reached a maximum 24.4 Ib i quarter In 1976.111 before experiencing a 2m decline in less than three years While the estimated (+,, +,) imply a sharp transition between two regimes, figure 2 suggests that a variety of structural change paths cannot be rejected. In addition to a break point in the middle of the sample, figure 2 suggests other likely paths, in particular one starting at the beginning and extending to the end of the period considered.
Bias of Structural Change
Previous studies have generally illustrated structural change in meat demand in terms of its effects on estimated elasticities. While this conveys information on whether demand reacts differently to variations in prices and expenditure levels due to structural change, it says nothing of the effects of structural change on quantity demanded with prices and expenditure level held constant. To illustrate this effect on consumption patterns, one can attribute bias to structural change if it significantly changes expenditure shares. If w,b denotes the ith good share before structural change, and w; is the same share after structural change, then a measure of bias is Bi = w; -w:. Structural change will be biased against the ith good if it resulted in a lower demand for this good, which would be implied by Bi < 0. Conversely, Bi > 0 implies that structural change is biased in favor of the ith good. Evaluating the shares at the sample mean of the exogenous variables (such that pj = 0, x = 0, and Dk = 0.25), this measure reduces to Table 3 reports the estimated biases and the Another problem of interest is whether structural change has significantly affected demand elasticities. Marshallian elasticities that reflect the effects of structural change, and conditional on meat expenditures can be computed as
different between the two regimes, and the (9.3) eir = ( P i + 6i)lwp + 1.
Wald test reported in table 4 (and distributed
Elasticities that reflect demand response be-as x 2with 9 degrees of freedom) shows that, as fore structural change are obtained from (9) by a set, they are not significantly different at the setting the 6 parameters to zero and substitut-5% level. The demands for beef and pork are much more elastic than chicken and fish. Notably, beef is the only superior good in both regimes. The cross-price elasticities show more complementarity relationships than expected, with ten of the twelve cross-price elasticities having a negative sign in both regimes. However, these are gross elasticities including an income effect, and many of them are not different than zero in statistical terms.
To test the hypothesis that elasticity values were unaffected by structural change, the standard errors of elasticity differences between the two regimes were computed. None of these individual elasticities are statistically The elasticity effects of structural change are further illustrated in table 5 , which reports the Allen elasticities of substitution, again evaluated before and after the structural change. The elasticities of substitution that reflect the effects of structural change are defined as and, as before, elasticities before structural change can be obtained by setting the S parameters in (10) to zero, and substituting w! for wf. Table 5 shows no statistically significant complementarity relations. The strongest substitutability relationships are between beef and pork in both regimes and between pork and chicken before structural change. After structural change, a substitutability relationship is more evident between beef and chicken.
None of these elasticities, however, are statistically different between the two regimes. The Wald test in table 5 (distributed as X' with 6 degrees of freedom) shows that these elasticities, as a group, are not statistically different between the two regimes at the 5% significance level. This suggests that emphasizing the effect of structural change on estimated elasticities may be unjustified in Arner. J . Agr. Econ. some cases and that more can be gained by focusing on the bias on consumption patterns (estimated shares).
Conclusions
The evidence presented in this paper supports the idea that the observed meat consumption patterns of the last two decades cannot be fully explained by the dynamics of prices and income. The hypothesis of constancy of the parameters of a reasonably specified AIDS model for four meats was rejected against a more general time-varying parameter model. This finding was further qualified by the estimated diitorting effects of structural change. The time-varying component of the model is biased against beef and in favor of chicken and fish. While this analysis does not identify the roots of this bias, this movement toward an increased importance of white meats further supports the idea that dietary concerns are partly responsible for the perceived changes in meat consumption patterns. The implications of this are particularly relevant for the beef industry, calling possibly for a quality adjustment in production and increased efforts in promotion and marketing.
Evidence of a changing structure of meat demand also has implications for econometric policy analysis and forecasting. For econometric models to deal adequately with the changing structure, it is useful to know the time path of structural change. The point estimates of the structural change parameters indicate a fairly rapid transition to a new demand regime in the mid-1970s, suggesting the use of post-1976 data as a viable modeling strategy. Some caution is warranted, however, because a variety of time paths for structural change cannot be ruled out by the model. [Received May 1988; jinal revision received September 1988.1 
